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FIBEROPTIC BUS, MODULATOR, DETECTOR AND EMITTER 
USING CLADDING MODE COUPLING 

Field of Invention 

5 This invention relates to fiberoptic components, especially those for 

amplifying, modulating, emitting or detecting light in optical fibers. 

Description of Related Art 

Optical fibers now form the backbone of the global telecommunications 
network. High-speed fiber optic communication systems use different wavelengths of 

10 light to transmit multiple channels of information simultaneously through a single- 
mode optical fiber. This technique is called wavelength division multiplexing 
(WDM). Although the Internet uses optical fibers to connect computers together, most 
computers still use electrical signals in semiconductor chips to process and distribute 
information. To provide communication between computers or even the links between 

15 the various components inside each computer with light signals of different 
wavelengths, a simple and inexpensive method should be found to transfer an 
electrical signal into a light signal of a particular wavelength in an optical fiber, and 
vice versa. 

Receiving an individual optical channel requires a wavelength-selective 

20 detection method. One method to detect a single optical channel traveling in an 

optical fiber is to use an add/drop filter followed by an end-coupled semiconductor 

detector. To measure several channels, multiple add/drop filters can be cascaded. If 

there are many optical channels such as in a WDM system, a problem is caused by the 

loss that each add/drop filter introduces to the undropped channels. For example, if 

25 each add/drop filter has an insertion loss of 2 dB, then a 10-channel system with 10 

add/drop filters in series will impose a decrease of power of 20 dB to the last channel 

(i.e., a loss of signal by a factor of 100). In a system with even more channels, some 

channels will suffer an even greater decrease of power. 

An alternate approach for detecting a single channel in a multichannel system 

30 requires separating the channels using a wavelength multiplexer. In this design each 

channel detector typically has its own additional optical amplifier and band-pass filter 

to improve the signal-to-noise ratio. Single-mode fiber-coupled semiconductor 

1 

BNSDOCID: <WO 0216979A2_t_> 



WO 02/16979 



PCT/US01/26071 



devices, however, are expensive and difficult to fabricate in large quantities. Aligning 
and packaging semiconductor chips with a small (-10 micron) fiber core is time- 
consuming and costly. These design and cost problems make it difficult to bring 
WDM fiber optic transmission to local networks. 
5 In order to couple and extract light from a fiber's core mode, one can etch or 

polish through the fiber's cladding to the fiber's core (see e.g., U.S. Patent No. 
5,502,785). This approach weakens the fiber, provides no wavelength selectivity, and 
is delicate and complicated. 

One can use tilted Bragg gratings to couple light from a fiber core into free 

10 space at a certain location (see e.g., U.S. Patent No. 5,042,897). This design can work 
as a fiber spectrometer by using an array of detectors placed at a precise location 
outside the fiber. However, coupling to free space makes this design unstable, and 
detector arrays are expensive. 

In Saeki, U.S. Patent No. 5,974,212, tilted Bragg gratings are used to reflect 

15 light to photodetectors at the side of the fiber at a location transverse to the gratings. 
Saeki does not use long period gratings or excite the cladding mode; rather, light is 
leaked to the cladding to the photodetector, which must be properly aligned with the 
grating. Such a tilted Bragg grating is not bi-directional, and its use can create 
alignment problems with a detector if the fiber has a twist in it, or if the photodetector 

20 is not properly aligned axially with the tilted Bragg grating. 

A detector array can be mounted in close vicinity to a chirped fitler grating for 
Fourier transform spectroscopy measurements (M. Froggatt, T. Erdogan, Opt. Lett. 
24(14), 942, 1999). In this case precise alignment of an expensive detector array is 
still required. 

25 In addition to the problem of detecting individual wavelength channels 

traveling in the core of an optical fiber, another problem is how to inject a single 
optical wavelength into the core of an optical fiber. A laser can be end-coupled to a 
core of an optical fiber, but this approach requires precise alignment between the 
small fiber core and the emitting region of the laser. Most semiconductor lasers emit 

30 light in an elliptical pattern that typically measures about 1 micron by 100 microns, so 
special optics are required to shape that light into the 10-micron diameter circular 
target presented by the fiber's core, and such optics are expensive and difficult to 
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align with the fiber. Additionally, the long-term stability of alignment of such optics 
is a serious problem. 

Another problem is how to amplify light traveling in an optical fiber. 
Semiconductor waveguide amplifiers have been used, but alignment of the input and 
output fibers with such waveguides is difficult and introduces additional optical loss. 
An alternate method is to use a section of erbium-doped fiber that is pumped by a 
laser, as in an erbium-doped fiber amplifier (BDFA). Such devices are presently very 
expensive. 

Another problem is how to modulate light traveling in an optical fiber. A 
typical method is to modulate the laser light source, but such modulation can 
introduce unwanted frequency chirp onto the modulated light signal. An alternate 
method uses an external modulator formed, for example, from a lithium niobate 
crystal. However, this approach requires that the light be removed from the fiber 
passed through the fithium niobate crystal, and then reinjected into another fiber,' 
1 5 thereby introducing unwanted loss. 

Summary of the Invention 

The present invention relates to the use of a simple, fiber-coupled, low-loss, 
and wavelength-selective component with a fiber and that can be provided with 
nunimal loss and connected in a simple matter for detection, amplification, or other 
20 detection or processing of light in the fiber. 

A chip, such as a semiconductor multiple quantum well structure or other 
structure that can convert light to an electrical signal, can be bonded to or next to the 
cladding of a fiber. A long period fiber grating is used to couple light from a core to 
excite a cladding mode of an optical fiber in a spectrally selective manner. Light in 
the cladding can then be detected, amplified, or modulated by the chip mounted to or 
at the side of the fiber and axially spaced from the grating. Additional long period 
gratings in the fiber can be used to divert fight from the fiber cladding back into the 
fiber core, and Bragg gratings can additionally be used to reflect light. 

The fiber preferably has a polygonal cross-section with at least some flat sides 
on the cladding for mounting a chip or other element against the fibers. 

This structure thus meets a need for a simple and reliable method of 
connecting semiconductor chips and optical fibers in a wavelength-selective manner, 
including in computers themselves m addition to backbone communications. One 
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more chips can be used for a number of purposes, including detection of light, power 
normalization, detection of changes from a desired wavelength, and wavelength 
determination. By using a long period grating to excite a cladding mode, the chip 
need not be aligned axially or circumferentially with the grating, but can be axially 
5 spaced from the grating and offset circumferentially. Other features and advantages 
will become apparent from the following detailed description, drawings, and claims. 

Brief Description of the Drawings 

Fig. 1 is a cross-section of a wavelength-selective detector with a long-period 
fiber grating and a semiconductor chip mounted directly onto the side of the fiber. 
10 Fig. 2 shows a typical response of the selective detector of Fig. 1. 

Fig. 3 is a cross-section of an optical transmitter mounted on the side of the 
fiber with a long period grating to couple light from the cladding into the fiber core. 

Fig. 4 is a cross-section of a fiber-coupled semiconductor emitter that uses 
end-coupling into the cladding of the fiber and then grating-assisted coupling from the 
15 cladding into the fiber core. 

Fig. 5 is a side view of a chip according to the present invention. 

Fig. 6 is a cross-sectional view of a semiconductor structure having a 
distributed feedback (DFB) mirror and multiple quantum well structure, which is 
bonded to the fiber surface for efficient coupling with light in the fiber cladding. 
20 Fig. 7 shows a fiber with polygonal cross section. The flat sides can be used to 

more easily attach elements and can be used as a laser cavity for lasing across the 
fiber. 

Fig. 8 is a cross-section of a fiber attached to a planar waveguide circuit. 
Fig. 9 is a cross-section of a device in which an amplifier is mounted to a side 
25 of a fiber between two long period gratings. 

Fig. 10 is a schematic block diagram of a feedback system according to the 
present invention for controlling power and/or wavelength. 

Detailed Description 

30 Fig. 1 illustrates an embodiment of the present invention. An optical fiber 10 

has a light-transmitting cladding 20 and a core 30. The fiber can be a glass optical 
fiber, or it can be made of a different suitable material, such as a polymer. A long- 
period grating 40, i.e., a grating with a period of about 10-1000 microns, is formed in 
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core 30, as shown, or in cladding 20, or both in core 30 and cladding 20 for resonantly 
coupling some of light 60 from core 30 into cladding 20 at a desired wavelength that 
is determined by the spacing of elements in grating 40. Light not coupled by grating 
40 continues as light 80 in core 30. Fiber 10 thus supports propagation of light in a 
5 cladding mode, which can be accomplished, for example, by removing from the fiber 
a protective polymer coating so that there is a glass/air boundary outside of cladding 
20. 

According to the present invention, a chip 50 is mounted on a side of fiber 10 
to make optical and mechanical contact with cladding 20. This chip 50 can be a 
10 semiconductor chip or some other planar optical structure, such as a polymer light 
guide or a glass light guide. 

Chip 50 can be directly bonded to a surface of cladding 20 or glued using 
transparent glue, such as an epoxy, at a location that is axially spaced from long 
period grating 40. The circumferential position of chip 50 is not critical. A thin 
15 dielectric layer can be interposed between chip 50 and cladding 20 to enhance optical 
transmission between them. Chip 50 is positioned such that a portion of light 70 
traveling in cladding 20 is at least partially absorbed in chip 50. 

Chip 50 can provide an electrical signal, thereby producing a desired 
wavelength-selective detection of light 60 originally propagating in core 30 of fiber 
20 10. A tuning element 90 can also be used to alter the resonant wavelength of grating 
40 to enable light with a particularly desired wavelength to be detected. The tuning 
element could, for example, include a mechanical system to physically stretch fiber 10 
or to heat fiber 10 to alter the resonance of grating 40. By constructing different 
grating patterns inside the fiber, the spectrum of the long-period grating could be 
25 designed to have arbitrary spectral shape. For example, the grating could have 

multiple resonances for detecting multiple wavelengths, or the grating could have a 
saw-tooth spectral shape to enable precise wavelength measurement. 

The spectrum of grating 40 can be designed to pass light at a center frequency 
and to deflect light from the core to the cladding at either side of the central 
30 wavelength. (See Starodubov et al. OFC, 19-98, post-deadline paper PD8). Such a 
grating can thus be used to monitor any deviation of wavelength from the central 
wavelength of light in the fiber core. Any drifting of the light wavelength from the 
central wavelength increases the coupling from fiber core to fiber cladding, and 
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thereby increases the signal detected by chip 50. A simple feedback circuit between 
the chip and the light source can therefore be used to keep the light wavelength fixed 
at the central wavelength. 

Fiber gratings used in the present invention can be polarization-selective (see 
5 for example A. S. Kurkov et al, Electron. Lett. 33 (7) 616, 1997). If the fiber core, 
fiber cladding, or the fiber grating have deviations from a cylindrical symmetric 
geometry, then one polarization of light from the fiber core will preferentially be sent 
to the cladding mode from the core and back in a given wavelength range. 

Referring to Fig. 10, a light source 460 is wavelength-stabilized using the 

10 detector of the present invention. Light source 460 emits light into optical fiber 10. A 
detector 480 as described in conjunction with Fig. 1 is wavelength-selective and 
attached to fiber 10. Detector 480 detects a spectral deviation of light source 460 
from a desired spectrum and sends a signal back to light source 460 through a 
feedback connection 470. Control elements inside the light source 460 change the 

15 output of the light source until the signal from the detector 480 matches the output 
from the desired spectrum. 

For wavelength monitoring it is necessary to be able to differentiate between a 
change in wavelength and a change in power. This difference can be detected in the 
present invention by using the almost spectrally insensitive coupling between core 

20 and cladding that occurs when a fiber is bent. A signal from an additional detector 
placed in the vicinity of such a fiber microbend can be used with the spectrally 
sensitive detector described in Fig. 1 above to normalize power changes in the light 
signal, and thereby distinguish changes in wavelength from changes in power. This 
additional detection element can be placed either before or after a wavelength- 

25 selective element.' Alternatively a signal could be extracted directly from the core of 
the fiber (in a pigtailed or terminated fiber), either before or after the detector unit, 
and could be used for power normalization. 

This wavelength selective light detection method can be used in a variety of 
devices and systems including fiberoptic sensors, decoders, and wavelength meters. 

30 Such semiconductor elements with direct side coupling to a fiber can be used in a 

WDM fiberoptic computer bus, and this bus will be 10-1000 times faster than typical 
500MHz computer buses currently used. Such a fiberoptic bus will also be splice- 
compatible with existing fiberoptic links. A space can be provided on a computer's 
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processor or controller chip where a fiber bus is attached sideways using a drop of 
ordinary optical glue. Such compatibility between computer buses and fiberoptic links 
could substantially improve next generations of the Internet. 

Fig. 9 shows a system in which chip 50 is an amplifier for amplifying light 71 
5 in the chip from light 70 in the cladding. This device uses two long period gratings 41, 
42 for transforming light from core to cladding and cladding to core, respectively. 
Chip 50 is axially between gratings 41 and 42 to allow light to pass from grating 41 to 
chip 50 to grating 42. Chip 50 can be a semiconductor optical amplifier. Alternative, 
chip 50 can be a hybrid waveguide amplifier such as Er-doped waveguide amplifier 

10 (EWDA) which is pumped by a semiconductor laser pump. 

Fig. 2 shows an example of a spectral response of a detector in a system such 
as that shown in Fig. 1. The detector used to create the response had an apodized 
long-period grating in a commercially available photosensitive optical fiber, and a 
multiple quantum well semiconductor detector chip measuring 100 microns by 100 

15 microns. The chip was glued on a sub-mount measuring 3 mm x 1 mm to provide 
suitable electrical contacts. The resulting spectrally selective detector had a fiill- 
width-at-half-maximum (FWHM) of -1.5 nm (-200 GHz). 

Fig. 3 shows how the system of Fig. 1 can also be used to couple light into 
fiber 10 from a light-emitting semiconductor chip 50 mounted on a side of fiber 10. 

20 Chip 50 emits light 71 into fiber cladding 20, where the light is further deflected into 
fiber core 30 by long-period grating 40. A Bragg grating 102, i.e., a short period 
grating with a typical period of about 0.1-2 microns, reflects some light 101 back 
towards chip 50. It is known that such optical feedback into a lasing chip can improve 
the efficiency of optical coupling of the launched light into a fiber core. Light 61 

25 continues in the fiber core after Bragg grating 102. As with Fig. 1, a tuning element 
90 is also provided to control the resonant wavelength of grating 40. By providing 
electrical or optical power to the chip, this embodiment can function as an optical 
amplifier. The amplifier design could omit Bragg grating 102. Alternatively the 
amplifier design may have two Bragg gratings to induce lasing at a wavelength 

30 removed from the designed spectral range of the amplifier. Such lasing operation will 
clamp the gain of the amplifier. 

Fig. 4 shows an example of a device that uses two semiconductor chips, a 
long-period grating 140, and a Bragg grating 145. Fiber 10 has a cladding 120 and a 
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core 130. Long-period fiber grating 140 couples light from core 130 into cladding 
120 to produce light 175 in the cladding mode. Bragg grating 145 in fiber core 130 
reflects back light 180 traveling in the core 30 to produce reflected light 190. Bragg 
grating 145 is located downstream of long-period grating 140. Optical detecting chips 
5 150 and 160 are mounted on the side of fiber 10 on either side of long-period grating 
140. 

These detecting chips 150 and 160 could be made from semiconductor or 
polymer materials or both. A waveguide structure may be a polymer waveguide 
structure made, for example, of polyimide or PMMA (poly methyl methacrylate ). 

10 The waveguide structure may be a glass waveguide structure, such as a silica glass 
waveguide. The waveguide structure can be deposited on top of a semiconductor 
substrate or integrated circuit. Alternatively the waveguide structure can be made of 
an optical crystal, for example, lithium niobate. 

Incident light 170 to core 130 is partially transferred into light 175 in cladding 

15 120 by long-period grating 140. Light 175 reaches semiconductor chip 150 and is at 
least partially absorbed in chip 150. Light 180, which passes grating 140, is back- 
reflected by a Bragg grating 145 to form light 190. The Bragg grating reflection is 
spectrally selective. Usually Bragg gratings have narrower spectral features than long- 
period gratings. The desired reflection spectrum of the Bragg grating could be 

20 obtained by varying the grating parameters, such as length, period, and the refractive- 
index depth and pattern. Reflected light 190 is partially transferred into cladding 120 
by long-period grating 140 and then absorbed by chip 160. By analyzing electrical 
signals from chips 150 and 160, it is possible to introduce more complicated 
functionality to this detection module. 

25 For example, a two-grating device could be used for high-accuracy 

determination of the wavelength of a narrow-band light signal. The long-period 
grating, with its wide resonance, will determine the approximate wavelength of a light 
signal into detector 150. A Bragg grating, possibly having multiple resonances, will 
give a more precise wavelength measurement using detector 160. The long-period 

30 grating will reveal which of the narrow Bragg resonances is matched to the light 
signal. 

Fig. 5 shows an example of a semiconductor structure 220 placed on the side 
of the fiber 10. This attached semiconductor structure 220 can be used for 
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amplification or modulation of a light signal propagating in a fiber. Semiconductor 
structure 220 is placed in close contact with a fiber surface 210. This structure can be 
a multiple quantum well structure. A top layer 230 may be added to the structure to 
reflect light. Layer 230 could, for example, be a distributed-feedback (DFB) mirror 
5 made of semiconductor layers having different refractive indices. The semiconductor 
chip is bonded to fiber surface 210. The bonding process includes heating the chip 
and the fiber together in contact. Diffusion at high temperature provides connection of 
the semiconductor and the fiber. 

. In experiments, bonding was performed in an atmosphere of hydrogen. For 
10 InP- based chips, an optimal bonding temperature was determined to be around 

400°C. For GaAs based chips, an optimal bonding temperature was determined to be 
around 700°C. Optical glues could be used to ensure stable contact between the fiber 
and the chip. 

A thin quantum well device with a DFB structure can modulate light 

15 transmission in the fiber. This same semiconductor structure can be used to launch 
light into the fiber cladding or even amplify the light traveling in the cladding mode. 

To construct a fiber light source, a semiconductor structure with a mirror on its 
back face can be attached to one side of the fiber to create optical gain for selected 
wavelengths of light. A similar semiconductor structure or a mirror can be positioned 

20 on an opposite side of the fiber at the same location as the first semiconductor 

structure. These two structures can fonn a laser cavity with light oscillating between 
them. This light can be deflected by a Bragg grating in the fiber core to direct the 
oscillating light along the fiber core. 

Using a similar geometry, an optical amplifier with clamped gain for a 

25 cladding mode of the fiber can be constructed as follows. A semiconductor structure 
with a mirror on its back face is attached to one side of the fiber to create optical gain 
for selected wavelengths of light. A similar semiconductor structure or a mirror can be 
positioned on an opposite side of the fiber at the same location as the first 
semiconductor structure. These two structures can form a laser cavity with light 

30 oscillating between them. This light clamps the gain of the semiconductor 

amplifier(s). Another light beam travelling in a cladding mode of the fiber can 
experience gain from this structure. 
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Fig. 6 shows a device similar in design to those previously described and 
which is used to efficiently couple light from a semiconductor laser into a core 30 of 
an optical fiber 10. This geometry is useful for coupling light from large area, high- 
power laser emitters or light-emitting diodes into a fiber having a small core. 
5 Collimating optics 270 project light from light-emitter 240 onto the fiber surface and 
excites a cladding mode of fiber 10. Cladding 20 is coupled into core 30 of fiber 10 by 
a long-period fiber grating 40. Light 300 propagates in the core of the fiber. A Bragg 
grating reflector 3 10 in core 30 provides optical feedback to light source 240. A front 
facet 280 and an emitter output facet 260 can be coated with antireflection coating 

10 and/or have a Brewster angle selected to avoid back reflections into the light emitter. 
A back facet 250 of emitter is a high-reflection mirror. The resulting output signal 320 
travels in the core of the fiber. An advantage of this device is that the light from the 
emitter is coupled into the large area of the fiber cladding and not just the fiber core. 
For a typical single-mode fiber, with core diameter 10 micron and cladding diameter 

15 125 micron, this increases target size by more than a factor of -150. 

The cross section of the fiber can be circular, or it can have a shape other than 
circular. Fig. 7 shows how an optical fiber with one or more flat and planar surfaces 
340 provides better mechanical contact between a chip 50 mounted on the outside of 
the fiber. These flat surfaces can be particularly useful for coupling of light from the 

20 fiber sideways. The cross section of the fiber may be a polygon with the number of 
sides greater than 3. For example a polygon with about 20 sides can be spliced to a 
standard cylindrical fiber without much loss. Sharp edges 350 of the fiber could be 
made curved either by mechanically polishing or fire polishing of the fiber perform to 
increase the strength of the resulting fiber. 

25 Chip 50 can be an amplifier, an electroabsoiption modulator, or a DFB mirror. 

There can be more than one semiconductor element 50 mounted on the sides of the 
optical fiber, and these elements can be used for amplification of light signals having 
different wavelengths. The combination of fiber and one or more chips 50 mounted on 
the side of the fiber can operate as a light source with light emission 360 propagating 

30 across the fiber. 

Fig. 8 shows a cross section of the fiber attached to a substrate having a flat 
surface. Fiber 370 with preferably polygonal cross section can be attached to flat 
substrates. A substrate 390 can be a semiconductor or an optical material that is not a 

10 
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semiconductor. The substrate, for example, can be a glass substrate, an optical crystal 
substrate, such as lithium niobate, or a composite substrate made of a combination of 
several materials. 

Several fibers can be attached to a single substrate. For example a single 
substrate with multiple integrated elements can be attached to multiple fibers. The 
elements on the substrate can be used to amplify, modulate and switch the signals 
coming from and returning to the multiple optical fibers. 

Optical fibers may be tapered for use in the present invention. Such tapering 
can be used to decrease the size of the substrate required for mounting and also to 
modify the optical coupling. 

Substrate 390 may have optical waveguide elements 400. The substrate can 
also have grating elements (not shown) to improve the desired coupling. 

Optical coupling could be achieved between an optical fiber and a planar 
waveguide in the substrate. Fiber 370 with polygonal cross-section can be mounted in 
the region of the substrate in proximity to a planar waveguide 400. The fiber can 
contain a grating to enhance the coupling between the core 380 of optical fiber and 
the waveguide element 400 of the substrate. This grating can be a long-period fiber 
grating formed in the core of the optical fiber. The optical waveguide 400 can be a 
light guiding region of a semiconductor laser. The waveguide 400 can also have a 
periodic element (not shown) to improve the desired coupling to optical fiber. 

The substrate can have the combination of optical and electronic elements in 
it. For example a semiconductor substrate with a processor thereon can also have a 
transceiver module and an optical fiber attached to it in order to have a direct access 
to optical network. 

Although the description above contains many specificities, these should not 
be construed as limiting the scope of the invention by merely providing illustrations 
of some of the presently preferred embodiments of this invention. Thus the scope of 
the invention should be determined by the appended claims and their legal 
equivalents, rather than by the examples given. 

What is claimed is: 
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Claims 

1. An optical device comprising: 

an optical fiber having a core and a cladding that supports cladding 
mode propagation; 

a long period grating for coupling light between the core and the 

cladding; and 

a semiconductor element attached at a side of the fiber at a location 
axially spaced along the fiber from the long period grating such that the element has 
optical coupling with the cladding mode. 

2. The device of claim 1, where the cladding has a flat surface for 
mounting the semiconductor element. 

3. The device of claim 1, wherein the fiber has a polygonal cross section. 

4. The device of claim 3, wherein the number of flat sides of the fiber is 
at least 4. 

5. The device of claim 1, wherein the semiconductor element is bonded 
directly to the fiber surface to change the power of light in the cladding mode. 

6. The device of claim 1, wherein the semiconductor element measures a 
cladding mode signal. 

7. The device of claim 6, further comprising a light source, and a 
feedback loop between the semiconductor element and the light source. 

8. The device of claim 7, wherein the feedback loop causes the light 
source to produce light with a desired wavelength spectrum based on a wavelength 
determined by a period of the grating. 
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9. The device of claim 1, wherein the semiconductor element includes a 
quantum well device. 

10. The device of claim 1, wherein the semiconductor element includes an 
amplifier for receiving and amplifying light from the cladding and for providing 

5 amplified light into the cladding. 

1 1. The device of claim 1, further comprising a light source and 
collimating optics for providing light into both the core and the cladding of the fibers 
at the same time. 

12. The device of claim 11, further comprising a long period grating in the 
10 fiber for coupling light from the cladding into the core. 

13. The device of claim 1, further comprising a tuner for altering the 
detected wavelength of the long period grating. 

14. The device of claim 1, wherein the semiconductor element provides a 
signal indicating the wavelength of detected light. 

15 15. The device of claim 1, further comprising a Bragg grating as a reflector 

in the core to lock the wavelength of the emitter. 

16. The device of claim 1, further comprising a second long period grating, 
wherein the element is positioned axially between the long period gratings and allows 
light to pass from one grating to the element to the other grating. 

20 17. The device of claim 1 where the grating coupling is polarization- 

dependent. 

18. The device of claim 1, wherein the element is a portion of an Er-doped 
waveguide amplifier (EWDA) or a Er-doped fiber amplifier (EDFA). 
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19. A device comprising an optical fiber having a core and a cladding with 
a finite number of sides greater than 3 to include flat sides in the cladding, and a 
semiconductor element mounted at one of the flat sides of the cladding of the fiber. 

20. The device of claim 19, wherein the element includes a quantum well 

5 device. 

21. The device of claim 19, wherein the element includes a device for 
converting received light into an electrical signal representative of the light. 

22. An optical system comprising: 
a light source; 

10 an optical fiber having a core and a cladding; 

a grating for providing light from the core into the cladding for 
propagation in a cladding mode; 

a chip mounted to the cladding for converting detected light to an 
electrical signal; and 

15 a feedback loop coupling the chip and the light source for maintaining v 

the light at a desired wavelength based on a period of the grating. 

23. The system of claim 22, wherein the light source includes a laser, the 
system further comprising collimating optics for projecting light from the source to 
the core of the fiber. 

20 
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